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Water as a Factor in Plant “Growth, 


The role of water and aqueous salt solutions in the ger- 
mination of seeds has been but little studied, The best and 
most comprehensive work along these lines is the Handbuch der 
Samenkunde, by Nobbe, published in 1876, Many of the state- 
ments made by Nobhe have not been generally accepted and it 
was my purpose to verify or to prove as wrong, some of this 
former work, 

At the outset of the work the course was outlined in a 
general way, but with the idea of turning aside into the most 

desirable lines of work as necessity and the work would lead, 

Many times it was desired to proceed along certain def- 
inite lines but, as all related lines of work could not be in- 
vestigated, my time was devoted almost exclusively to the rate 
and amount of absorption in seeds soaked in different solutions; 
the effect of soaking in these solutions on the per cent and 
time of germination; and some little work on absorption of 
water by roots of growing ponies under different conditions 


of temperature, 


Digitized by the Internet Archive 
in 2013 


http://archive.org/details/waterasfactorinp00eber 
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What work is recorded in these few pages has been done 
with the greatest care but in some few cases, as indicated in 
the text, there was not time to perform a sufficiently large 
number of experiments to warrant the forming of conclusions, 

In those cases where sufficient data was secured conclusions 
are drawn and thoush they agree or disagree with the conclu- 
sions of others working along the same lines, I am confident 
of my a and figures here given warranting such deductions, 

In the Botanical Sazette (1896) there is an article on 
"The Toxic Action of Dissolved Salts" by Kahlenberg and True, 
which shows that some salts including weak NaCl solutions, give 
an acceleration while certain other solutions give a retarda- 
tion, It is also stated that the per cent of seeds germinating 
is decreased by the stronger solutions, The results of my ex- 
periments, where solutions of sodium chloride and also of am- 
monium alum were used, are given in this paper, 

The brief comment, on the vitality of the spores of 
Marsilia quadrifolia, by Barnes, in the Botanical Gazette (1895) 


page 229, suggested the experiments on the effect of soaking 


- seeds in various grades of alcohol; i,e, the effect on the 


rate and amount of increase in weight, and the effect on time 


end per cent of germination, 
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If this paper, though quite unsatisfactory to me, should 


‘fer some suggestion that might lead to further investigation 


the part of some reader, it will be well, The work done 
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Maximum Amount of Water, 


The results of experiments conducted by R, Het tare to 
determine the maximum amount of water certain seeds are capable 
of absorbing are given in Versuchs-Stationen Ee. Vit 2.50. In 
the work named it is stated that corn will absorb 44 % of its 
air dry weight of water, peas 106.8 %@, bean 96,1 %, &, and con- 
siders this the maximum, Johnson, in his work, "How Crops Grow", 
accepts the statement of Hoffmann, 

During my preliminary experiments I did not continue the 
soaking of corn until it had taken up all the water it was cap- 
able of absorbing, In fact, no corn was soaked in either dis- 
tilled or tap water longer than twenty four hours, while in 
salt solutions some had been continued for thirty six hours, 


In these preliminary experiments the corn gained rapidly 


in weight up to the limit, 44 % , as given by Hoffmann and 


Johnson, From this it is but fair to suppose, that by more 
prolonged soaking, a far higher per cent is capable of absorp- 


tion, The series of experiments next described, supports this 


supposition, 


Three varieties of corn with the following characteristics 
were used in these experiments:- No.1, White Flint, small ears 


greins extremely hard, short, and with smooth rounded surface, 


No.2, White Dent: larger ears than the other, grains of medium 
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length, medium in hardness and with dent in the surface of the 
outer end, No,3, Perry's Golden Eagle; a large yellow corn with 
very long deeply indented, and much softer grains than either 
of the others, This corn had been grown on the University farm 
and was stored in the same dry room in the University granary, 
until shortly before its use, 

For the experiment an equal number of grains of each vari- 
ety were taken, carefully weighed, placed in a separate bottle 
of distilled water, and kept under exactly similar conditions, 
From time to time the corn was taken from the water, wiped dry, 
weighed and replaced in the water, This was continued until 
ninety five and one half hours had elapsed, During the last 
period of soaking there was a slight gain in weight, but it 
was thought best to discontinue the experiment, 

The results are here given in tabulated form, and from the 


per cent gain, the accompanying curves have been constructed, 


See tables 1,2,&3, and curves of the page following table 3, 
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Experiment to determine Tabl 
Amount and Time for Saturation, 
White Flint, 


Hours, Weight, Gain, £% gain, Gain per hr, % gain per hr, 


| 0 2,040 0 0. 0 0 
| 24 2,815 725 34,68 0302 1,445 
| 31, 2,885 795 38 03 0256 1 227 
46 | 2.965 B75. 41.38 0190 899 
oe 2 3,060 970 46 41 0137 603 
; 79.5 3,095 1,005 48 09 0126 604 
95.5 3,130 1,040 49 76 0109 521 

White Dent, 

0 1,805 0 0 0 0 
24, 2,515 _710 BY 44 0295 1,642 
31, 2,535 730 40,95 0235 1,308 
46, 2,570 /765 42,50 0166 924 
a 2,620 ,815 45,28 ,0114 637 
719 5 2,650 845 46 94 0106 O91 


95.5 2,690 885 49,16 0092 514 
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Golden Eagle, 


- Hours 


| , Weight, Gain, % gain, Gain per hour % gain per hr, 

a 1.945 0 0 0 0 

| 24 2.765 820 42.27 0342 1,761 

| a 2,830 885 45,62 0285 1.473 

i} 

| 46 2,870 9385 47 62 0201 1,036 

| TL 2,930 965 50,77 ,0139 TLO 
79.5 2,980 1,035 53,35 0130 671 
95.5 3,025 1,080 55,67 01:3 583 


Amount of Water corn is capable ld 
. of absorbing and time of germination, 
| Wt, dry, Wt, 24nrs, Gain, % gain, Av, time germ, 
High Protein, 1.65555 2.15254 (49799 30,72 2.8 
Low Protein, 1,54537 2.09520 (53983 35,59 2,8 
Hien Oi2 . 1,75017 2,28945 95928 32,31 3,6 


Low Oil, 2.12921 2,85500 72979 30,04 3,8 
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A glance at the tabulated results will show that the White 
Flint had absorbed more than 44% in seventy one hours = a short- 
er time than that given by Hoffmann, and had gained 49.76% in 
ninety five and one half hours, The White Dent had also passed 
the limit, as given by Hoffmann and Johnson, in seventy one 
hours, and, in the course of the experiment, reached a gain of 
49.16%, The Golden Eagle went beyond the stated limit in less 
than thirty one hours and at the close of the experiment had 
absorbed 55.67% of its dry weight of water, 

From my experiments it is very evident that corn is capa- 

ble of taking up more than 44% of water, and the difference 

between my results and those of Mottmaiia” are due, either to a 
difference in the variety of corn used, or to a difference in 
the conditions, for example, temperature, under which the ex- 
periments were carried on, I find no statement of the tempera- 
ture at which Hoffmann's were conducted, but there is a state- 
ment which indicates that all experiments were carried on for 
seventy two hours, A glance at the table shows that all of the 
varieties I used, absorbed a higher per cent in the same time 
(72 hours,) than that reported by Hoffmann , 

In another series of experiments, corn bred by the Agricul- 
tural Station for high and low protein, high and low oil was 


used to determine the relations of chemical composition to 
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water absorbed, The results (table 4) show that the chemical 
composition has little or none effect on the amount of water 


absorbed, 


Rate of Absorption, 

The tables 1 - 4 in the preceeding experiment incidentally 
show the rate of absorption of corn, This is more fully inves- 
tigated under the present head, and peas and lupines were taken 
for comparison, 

Corn, peas, and lupines were weighed and placed in separate 
bottles (five seeds per bottle) containing cistern water, Two 
sets were treated alike except one set was started to soak at 
6:00 P.M, and the other just twelve hours later, When the sec- 
ond set had been in the water four hours all seeds were wiped 


dry and weighed; this gave the weight and the gain after six- 


teen hours immersion, Four hours later all were weighed again, 


which gave the gain in twenty, and in eight hours, Four hours 
later the gain in twenty four, and in twelve hours was deter- 
mined, This process, this far, gives results equal to taking 
only one set and weighing every four hours during a complete 
day of twenty four hours, The weighing was done at 10:00 A.M, 
2:00 P.M,, and at 6:00 P.M, each day, It must be stated here 
that those seeds which were placed in water first were at a 


lower temperature during their first twelve hours of soaking 
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at 
than those placed in water twelve hours later, After the second 
set was placed in water all were under identical conditions, 

In tabulating the results (tables 5%6) it was found that 
the combined results gave a generally uniform increase in weigh 
However, there was a flactantign with the different sets; those 
which were at a higher temperature during the first twelve 
hours of the soaking had gained more than the others, This is 
clearly seen in the curves immediately following the tables, 
in which the broken line represents the space that would have 
been occupied by the unbroken line of the other curve had the 
two sets of seeds given one uniform curve, 

Three complete experiments with each kind of seed were 
carried on simultaneously as will be seen from the tables, The 
mean per cent gain is calculated from the average weights for 
the three experiments, and the average dry weights of the same 
seeds, 

In the curves ordinates represent mean per cent sain and 
abscissas the time of soaking, in hours, 

In the tables the numbers in horizontal rows close together 
are the dry weights; the upper row of those weighed after six- 
teen, twenty and twenty four hours soaking; the lower row gives 


those weighed after four, eight, and twelve hours soaking, 
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While the rate cof absorption MA Bern; peas, and lupines is 
very different, it is, nevertheless in each case, most rapid 
during the first few hours, About eighty per cent of the total 
amount absorbed by the corn is taken up in the first twenty 
four hours, In the same time the peas take up one hundred, and 
the lupines ninety five per cent of the maximum amount, In the 
corn, from twenty hours to seventy hours soaking there is a 
continually diminishing rate of increase in weight, During the 
last period of four hours ending with the seventy second hour 
of the soaking process, there is still water taken up by the 
corn, The corn also shows a gain of fifty seven per cent as 
early as the sixtieth hour of the sodking, During the first 
four hours the corn increased ol weight twenty per cent, lu- 
pines eighteen per cent, and the peas sixty three per cent, 

Since the increase in the peas is so great an experiment 


was conducted, covering the first five hours, in which experi- 


ment the weights were taken every hour, The results appear at 


the bottom of table &, The lupines reached the maximum, with 
some irregularities, after soaking forty hours; later there 


was a considerable loss in weight, The marked loss in weight 


in the lupines and the slight variations in the weight of the 


peas after twenty hours in the water is probably due, as Nobbe 
states, to the solution of some of the substances of the seeds, 


The great variation in the lupine seems to result from a dif- 
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ference in the individuality of the seeds, 

All of these peculiarities of the rate of absorption may 
be seen at a glance by turning to the curves on these experi- 
ments, However the phenonemon of variation in the lupine claims 
our special attention, 

Nobbe shows by his work on the effect of soaking seeds that 
of the same variety some may take up water readily while others 
receive water only after a long period of immersion, This in- 
vestigator placed two thousand clover - Trifolium pratense - 
seeds in water and at a constant temperature of 18°- 21°C, 
92% of the seeds were swollen in twenty four hours, The exper- 
iment was continued for one hundred fifty six days during which 
time twenty four records were made of the number of newly 
swollen seeds, Each time there were some but only a few, At 
the end of the experiment there were forty seeds still which 


had not taken up water, Nobbe says that clover seed may germi- 


nate after lying inactive for three years with conditions fav- 


orable for immediate germination of a large majority of the 
seeds sown, He gives a number of such illustrations, but we 
will now consider the lupine, 

Seeds of Lupinus luteus were placed in a vessel of dis- 
tilled water and a ee of about 22°C, was maintained, 
After twenty four hours soaking they were taken from the water 


and wiped dry, Ten of the seeds were swollen and were placed 
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in a saw-dust germinator by themselves, At the same time seven 


of those seeds remaining unswollen were also placed in the 


germinator, The remaining fourteen of the unswollen seeds were 


placed in two groups of seven seeds each and after the seed 
coat of each seed in one set had been cut through the two sets 
were weighed, They were placed in separate bottles of water, 
At intervals of two hours the seeds were taken out, wiped dry, 


and weighed, The results are shown below, 


Time:-9:20 Li 30 1:20 3:20 
Set 1. cut 75 ,98 1,47 4.55 


Set 2,entire ,83 , 83 83 83 


It will be observed that Set 1, gained more than 100% in 
these six hours while Set 2 had not taken up any water, Both 
sets were now placed in the germinator, The temperature of the 
germinator was very near 25°C, and the saw-dust kept quite 
eee prevenly too wet, for after twenty six days the seeds 
were dug up and all seeds which were swollen when placed in 
the germinator were rotten, One seed of Set 2 was large, heavy, 
and soft from the water absorbed, while all other seeds, un= 
swollen when placed in the germinator, were still in the same 
condition, unaltered by the amount of moisture which, probably 
caused the destruction of those which, had previously absorbed 


water, 
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From this experiment it is evident that the individuality 
of the lupine results from the different character of the seed 
coats of the different seeds as regards the permeability, 

This will offer an explanation for peculiarities later to 


be discussed, 


Least Amount of Water necessary for Germination, 

From Experiments 1 & 2 we learn that corn is capable of 
absorbing forty nine to fifty nine per cent of water in sixty 
hours, In this experiment it was my object to determine the 
least amount of water necessary for germination, 

The desired end was sought by experiment in the following 
manner:- Seeds of each kind,and of known dry weights were place 
in distilled water of the temperature of the laboratory at 


intervals such that when removed from the water they had soak=- 


ed 0,1,2, ----- 10 hours, Of the corn - Perry's Golden Eagle = 


and the peas - Large White Marrowfat - ten seeds were used in 
each of eleven sets,. 

| As goon as the seeds were taken from the water they were 
wiped dry, weighed, and placed in a germinator made as follows 
A four quart granite-ware pan containing one quart of water 
had a piece of cheese cloth stretched over the top and firmly 
held by a wire band just below the rim of the pan, Upon this 


stretched cloth were strips of tin, one half inch wide, stand- 


| ing on edge and bent so as to form one inch squares into which 
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the several sets of seeds were placed,and records kept, Over 
this a similar vessel, lined with, filter paper, was inverted, 
The seeds were taken from the germinator from time to time 
and weighed and these weights, together with number germinated, 
recorded as shown in the tables 7, 8,& 9, In these tables the 
first colum gives the number of the set; the second the dry 
weight; the third the number of hours they were soaked; then 
the weight superficially dried, In the colums marked Wt, fol- 
lowed by a number we have the weight and the number of days 
since the beginning of the experiment, and in the column marked 


G, is given the number of seeds germinated since the last time 

given, The last column gives the average time of germination, 
From a study of these tables it would appear that absorp- 

tion of water in corn and peas varies with the time they are 


immersed in water, In every case those seeds which had taken 


up the most water decreased in weight after being placed in the 


germinator and those having the least amount of water increased 


in weight i,e, there was a general tendency toward uniformity 
ini the amount of water absorbed, The amount of water in the 
corn and peas became quite uniform,Peas were able to take up 
nearly all that they are capable of absorbing in the short in- 
terval of six hours and those sets from 7 - 11 inclusive were 
first to germinate a large percentage of their seeds. The least 


amount contained by any set of peas when some seeds germinated 
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No, Wt, Hr, Wt, Wt. Wt, Wt, Wt, 
Zt 3.2 0 2a 3.1 3.4 85 5,7 
2 2.1 a 2.4 3,2 3.4 3.6 3.7 
3 2.1 2 2.5 3,0 3.2 3.3 3.3 
4 ae 3 £5 2.6 2% 2.9 3,2 
5 ai 4 2.5 238 44 3.3 3.4 
6 B.1 5 3,0 3,4 3.6 3,6 3.6 
7 2.1 6 S24 3.5 S77 3.6 3.6 
8 el vd 3.2 3 4 3 5 3,6 3.9 
g a1 8 3.9 3.8 3.8 3.8 3.9 
10 1 g 4.0 3.9 3.8 3,4 ar 
pet 1 10 4.5 4 3 37 3.4 3.2 


_ After twenty days none have germinated: nearly all have be- 


come very mouldy, Probably none of them had absorbed sufficient 


water, 
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was 62% of the dry weight and the majority germinated after 
having absorbed 86 % of water, The least amount absorbed by 
any set of corn was 17,1% but the largest number germinated 
after having taken up 24,4% of water, 

| A set of curves is also given showing the average time of 
germination for the two tables of corn, tables 7 & 8, and the 
one of peas, table 9, together with the amount of water, in 
grams, at the average time of germination of the corn, It will 
be observed that the abscessa gives the number of the set given 
in the tables and the ordinate gives the average time, in days, 
of germination, and also represents amount, in grams, when con- 
sidering the lower curve, neg ae 

We have presented to us a set of curves difficult of inter- 

pretation and it seems that much work must be done along this 
line in order to draw conclusions, In general, it may be said 


that the more water taken up the sooner the germination, of 


course, within certain limits, 


‘= ae as oe 
nettae betarinien YIitotam ort bag, Sele i “the J 


(¢ hedyvo0e - trom stasel ect rotate to ® ae 
be tarioten tedeun teen tat oat tud RL VL eaw ion to 3 
totaw to Rb be qu 0 stad partva 

to omit enarteva ent notwode nevin Osle et eevine yo ¢ 
eft Dep ,8 2-°V eelidad mroo To ve fdas ort ent 10? m0 


rit otnw TO dmrome ert ciiw seritepo? © efdat ,aaeq ae 
fiw $I .nt0o ect? to noitenierrep Yo omit epeveva odd Je Ge 
ovin tee oft to tedmur ent eeviq seseotda ert tacit bowne f 


eveh rk emis snateve edd sevty etanthyo ert? bre eoldat en 


. 
ss 


“7090 Nerw  amatt rk i mvom drosexqes cele Bie TOE 
evise vewot ort? : " 

—46ini to 7 ivertTitrh sevarrs to sen 4 alr of | Regnenert ev! 
eirdt arota eos ed tanm wow fom tad emens rE 
bien e¢ yam ti Levens, at ‘so tengenee wae ot serge ak 
Yo ,soldarniorte; erly tonooe ect gy nedet tetaw oom | 


agimil niateoo micttw (et 


~~ a 
Pi | - 
\ i me thoes 
is = at 
BAR ‘I i _ ty i 
we ay 9 
5 “a sz ,, 
iy 
om i» “ya 
. , ; Lr. ’ 
P o is Wy 2: } - ee 
ys » 


28 


Effect of Temperature 
on Rate and Amount of Absorption, 

From the results of the last experiment it seems that 
aiekly there is a slight variation in the rate of absorption 
even where the temperature remains the same, 

In order to secure information regarding the part tempera- 
ture plays in the rate and amount of absorption a series of 
experiments was conducted, The seeds used were corn, peas, and 
lupines (Lupinus luteus), Five seeds of each kind were placed 


together in each of five bottles containing distilled water 


and one*bottle placed in each of the following temperatures 


Which remained constant during the experiment 12, 19, 35, 37, 
and 56 degrees, The first accompanying table (table 10) gives 
the actual weights of each set of each kind of seeds at the 


intervals indicated at the head of the colum, Table 11 gives 


the percentage of gain relative to the dry weight of those seeds 


and presents some very interesting results, At the close of 


the first four hours the corn showed an amount absorbed which 


(with one exception: 19°) stood in direct relation to the 


temperatures; There is a difference of 16% between the extremes 
of temperature, After forty four hours of soaking the amount 
taken up still increases with the temperature with only one 


exception and that now at 37 degrees, It will also be noted 
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34 
that the incininal’ becurs at the 56 degree temperature and is 
greater in thirty two hours than it was in the experiment on 
"Yaximum Amount" at the temperature of the laboratory in ninety 
five hours, At the end of four hours the peas show a gain rel- 
ative to temperature but at the end of twenty four hours the 
order is almost completely reversed, This is due to decompo- 
sition of the peas in the highest and next highest temperatures 
after diva and twelve hours respectively, Lupines are very 
peculiar; the individual character of the seeds being a more 
powerful factor in the rate of absorption than temperature of 
the surrounding medium, Again there is a loss in weight in 
those seeds in the highest temperature after twenty four hours, 

The accompanying aren G, and H show at a glance the 
relative rates of absorption and the peculiarities, From these 


experiments we may conclude that corn and peas, in a general 


-way, are influenced, in their absorption of water by the tem- 


perature of the surrounding medium but that characteristics 
of the seeds manifest themselves, The same is true of the 


lupine but here temperature exerts a less influence and in- 


dividual characters a greater, In fact the influence of the 


individual characters is so great as to nearly obliterate the 


evidence of the influence of temperature, 


Rae iia 
To emuvereqee! neit selsgronds te-e¢a1 eng mi s0tost . \ 


egos mon?  sertitel biped ent Bante ctqyveude 2 2otat 


* ics rs =X a 
¥ ] < 


Ne | 
ay 7 : =e « ‘ : 
A‘ 7 7 
, I ; —_—s 
ci Nice er edereqmes fanaa 4¢ emer eutrsa0° sree 


: ay 
ro temic eff whew ofc mere Bee eee ee 


, 


st vrotetodel ens ‘to «urtenegmed ett aa 

fey wie 6 Worle maee of eeicreet 170% Yo Ane ent td i 
sero 40? Yorew ‘lo Dre art #2 geet 
-oymeoeh of euf) nf sic? , boasever Wiarenmeas septa ek 
it aoe ygned sesite in w2e0 BAe seecahi end ot vasg ent F 
“a vet’ | ylewiteedeet euied orleow) Dae: 


om a sorted ebhece etd to tet :adario Lambiviage om : 


vt Jrmcew et eeol @ ef e1ect mtapA jstbom peti 
WO. “tsro) ystrews Teta eerie gues teetydd ead nies 
Oty 


eas connats a te wodm 1 fd (Oo .% devane prty 


4 


Laienen ant ,eseq Bee mroo Tart ofa Loma ‘yes ew ne ref 
wet aft vt wetew Yo neityroards “best ri Deore 
noite fe sustain jactt cud mis. nor sb lilies ont to. 
edd %e aud et © mse ext? _aevicemestt teeTinam oboe 

-ri Lae eoneultni esol @ agrene etirtwtegmes ered tod 9 1 
edt 40 eomenS tet era toad ol meteenn « anedvetado F 


ect ederetiivie yvlaaero¢ es ROOT of wt perc 7 ad 


Absorption of Water not effected 
by Amount or Kind of Gas contained in the Water, 

As the former experiments were conducted with the use of 
water containing such an amount of air as water will naturally 
absorb from the atmosphere it was thought there might be differ- 
ent results with a different amount of air - less or more - 
in the water, or that other gases might have a perceptible 
effect on the amount and rate of absorption quite different 
from that ordinarily contained, In order to secure the facts, 
corn and peas were soaked in cold boiled distilled water, 
Previous to the soaking, however, a quantity of such prepared 
water was saturated with carbon dioxide, a part with hydrogen, 
& part contained no gas, another portion saturated with air, 
and with these, a check in which the water contained such as 

it naturally contains, 

The results of the two complete experiments are given in 
the following tables 12 &13, and give rise to the following 
conclusions: - 

Corn and peas may be soaked in water containing no air, 
small or large quantities of air, hydrogen, or carbon dioxide, 
and, in all these conditions the same rate and amount of ab- 
sorption results, From this, imbibition can hardly be looked 


upon as @ vital activity, This is Nobbe's conclusion, 
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Germination Experiment, 


2e4hr, 


H, Air, & Gas free, 
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37.2 38.9 Tap HO 87.7 100.0 
os,1 43,5 -COfne. 79,2 90.5 
25.7 33.6 H HO 95.9 100.9 
35,1 41.2 Air HO 93,8 96.1 
34.2 41.6 Gas free 94.0 93.6 
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Resistance to Drought, 


Corn that had been soaked, some twelve,and some thirty 
six hours, in salt solutions 1 - 12 for a previous experiment, 
was used, These were placed in a constant moisture germinator, 
and when the radicles were from 1 - 10 mm, in length, forty 
grains were placed in a drawer of the desk, where they were 
kept three days, At the end of this time they were thoroughly 
dry, Now they were placed in a saw-dust germinator, where in 
forty eight hours all had grown well, The plumules ranged in 
length from 1 - 30 mm, and the radicles from 1 - 33 mm, Averazce 
length of plumule wes 8 mm, while the average for the radicles 
was 10 mn, 

The average weight per ion grains before soaking was 4 5 
grams; weight at the time they were taken from the constant 
moisture germinator was 5,6 grams per ten grains, and the 
weight per ten grains when taken from saw-dust germinator was 
7,2 grams, 

Twenty of the above were replaced in germinator and grew 
vigorously but were placed in a drying box at the end of 
twenty four hours, After drying they did not germinate when 
replaced in germinator, The other twenty were dried and re- 


placed in germinator but only two started, 
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Resistance to praught, 
Perry's Golden Eagle corn was soaked in city water twenty 
four hours and placed in sawdust germinator, When they had ger- 
minategd, 1,e, in two days, six divisions were made on basis of 


length of radicle, 100% of the seeds germinated, 


Division [I, 


Length of Days germinated, Length of 

Seeds pl.(mm)rad, dried,in germ, stem, root, stem(mm)root, 
oe-o 1 3 4 a rogt, o64Rb 2-20 

- 6) E 7 + E 1 10 12 
| 2 t- 2 4 4 3 12-25 12-90 
- 0 1 15 5 2 di 8=50 135 
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Division II, 


Length of Days germinated , Length of 
Seeds pl, (mm)rad, dried,in germ, stem, root, stem(mm)root, 
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Division [II, 


Length of Days Germinated, Length of 
Seeds ,pl,(mm)rad, dried, in germ.stem, root, stem(mm)root, 
= 2 mui | 3 4 iL 0 6 0 

S 2 a1. 7 4 0 0 ) 0 
“ 2 i 11 4 a ) 8 0 
os 2 i 15 5 0 ) fe) 0 


Division IV, 


Length of Days Germinated, Length of 
Seeds,pl,(mm)rad, dried,in germ, stem, root, stem(mm) root, 
4 8 20 3 “ 2 0 10 6) 

= 8 20 7 4 fe) 0 6) 0) 

4 8 20 aml 4 0) 6) 0 0 
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Division \V, 


Length of Days Germinated, Length of 
Seeds pl,(mm)rad, dried,in germ, stem, root, stem(mm)root, 
6435 40 3 4 0 fe) 0 0 
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Division VI, 


No grains of this division germinated, 
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Each division in the preceeding pages shows the number of 
seeds planted each time, the length of radicle and pluméule, 
the number of days they were dried, the number of days they re- 
mained in the germinator; in the germination, the number and 
length of stem and root, 

Conclusion:- Corn may be thoroughly dried after the radicle 
has developed to so great a degree as to project one millimeter 
beyond the seed coat and still grow if the proper conditions 
are reestablished, 75% to 100% if the dry period does not ex- 
tend longer than twelve days and 50% to 75% will revive if the 
dry period is from twelve to thirty days in length, Evidently 
the time could Oa kat extended and at least 50% would revive 
under proper conditions but my experiments were continued for 
thirty days only, 


When the radicle has once grown to a length of five milli- 


meters the time of drying must not extend over more than eleven 


days or none will revive, and only 50% will grow after only 
drying three days, If the radicle has once attained a length 
of eleven millimeters 25% will revive during the first eleven 


days of drying but will not revive after that time, With the 


radicle having grown to a length of twenty millimeters, no 


grains will start again after drying more than three days, 
However, it is possible for 50% of those dried not more than 


three days to revive, Should the radicle be longer than twenty 
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‘able conditions, 
Istin. the soil corn would not become so thoroughly dried, nor 
"quickly, as under the conditions of these experiments and 


| probably revive after a much longer period and in cases 


ey 


} growth had proceeded to a greater degree than given above. 
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Volume Increase in Swelling Seeds, 
Since all seeds which take up water experience a change in 
| volume, experiments were conducted to determine this change, A 
priori it appears self-evident, that with the taking up of a 
eeiain amount of water by a body capable of increasing, a cor- 
responding volume increase must result, Persons who have made 
observations differ in their conclusions, Some like Payen, 
maintain that the weight of the absorbed water really exceeded 
the increase in volume of the seeds, Wiesner and others believe 
that a condensation takes place in the seed when water is taken 
up, Wiesner has determined by means Of a series of well conduc- 
ted investigations, that heat developes in soaking seeds, ear- 
lier than carbon dioxide is formed, From these facts Wiesner 
concludes that the increase of heat in seeds taking Up water, 
results from a condensation of the water in the tissue of the 
seeds and a liberation of heat follows, Heat increases rapidly 
at first but later carbon dioxide being produced, the heat ceas- 
es to increase farther, 

I used one hundred fifty grams each of Perry's Golden Fagle 
corn, Ferry's Large White inhrewrat peas, Lupinus luteus, Phas- 
eolus multiflorus, and Phaseolus vulgaris, Each kind of seed 
was placed in a large bottle fillea with water, and immediate- 
ly closed by an absolutely close fitting cork from which extend- 


ed vertically, a long glass tube having an inside diameter of 
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‘Change of Volume of Seeds in Water, 
190 grams of dee kind of seed were used, Har 
= + Corn, Peas, Lupine, B,been, W,bean, H O 
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six millimeters, Immediately upon closing the bottle the sur- 


face of the water in the tube stood at a considerable distance 


- gbove the cork; this position was marked as the starting point 


of the experiment, As the water rose or fell in the tubes the 
Eiaaings were taken every few minutes as given in Table 14, As 
@ control for determining the rise and fall in the tube due to 
changes in temperature only, saci bottle contained no seeds, 

The numbers given in the table represent the change of vol- 
ume in cubic centimeters, The numbers preceeded by the sign-- 
show that the volume is less than at the beginning of the ex- 
periment; all other numbers represent the increase over the 
first reading, These tabulated results. are represented in the 


WN gib casts 


form of curves, See curve I, 

Whatever change of volume occurs in the vessel containing 
water only must be due to a change in temperature and the 
change in temperature would not be less in the other vessels, 

A glance at the table or curves shows that no increase in 
i relune of the water took place within the first two hours, 
During the next six hours there was a slow but constant in- 
crease, the maximum being ,78 cc, After this there was a de- 
crease, In the corn, peas, and black beans there was an in- 
crease from the first but ta tse peas there was a change after 


thirty minutes, There was no change in the lupines for a con- 


siderable time and in the first four hours the increase amount- 
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48 
ed to only 1,48 cc, The white beans decreased rapidly in vol- 


ume, reaching the minimum, - 2,88 cc, in two and one half hours, 


After this there was an increase but the volume did not equal 


that at the beginning of the experiment until four and one half 
hours later, or seven hours after the first reading, The in- 
crease was very rapid towards the close of the experiment which 
was continued for thirteen hours, 

While there is quite a similarity in the curves represent- 
ing the volume change as determined by Nobbe and myself there 
are the following differences: I find the maximum and minimum 


points to be reached much sooner than Nobbe, This is probably 


due to a higher temperature (22°C), After two and three fourths 


hours my minimum is below the volume at’ the beginning while the 
corresponding low point in Nobbe's experiment is reached after 
four hours and remains a considerable above the original volume, 


After four hours soaking I find a constant increase to the end 


of the experiment, Nobbe finds an increase during the first 


three hours of the corresponding period and then a slight 


decrease, Nobbe finds in the beans a very rapid increase in the 


first ten minutes and then a rapid decrease, reaching - 13 ce 


in two hours and reaching the minimum after eight hours soak- 
ing, There is shown a slight increase following this lowest 
point, I find no increase at first, but a decrease in volume 


which reaches the minimum (- 5 cc ) in the first forty five 
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49 
minutes; then follows quite a constant increase to the close 


of the experiment at which time the volume of the contents of 
the bottle was 6,8 cc greater than at the beginning of the ex- 
periment, It.is probably true that the beans Nobbe used were 
not of the same variety as used in my experiments, 

Nobbe says that the conclusions of Payen and Wiesner, given 
above, are not to be denied or neglected, but considers that an 
intermediate product may arise because of the liberation of 
heat; this would come before the production of carbon dioxide, 
Later, perhaps, the process of diffusion, as well as the ac- 
companying evident dissolving and increase in size might exert 
an influence on the temperature of the seeds and the medium in 
Which they lie, Nobbe's experiments agree with the conclusions 
of Payen, in that the change of volume is greater than the 
change in weight, Since there is sometimes a decrease in size 
it seems indisputable that the figures derived from such ex- 
periments express exactly the change of relation between vol- 


ume and amount of water taken up, 
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Rate and Amount of Absorption in Alcohol, 


Experiments were conducted in which corn, peas, and lu- 
pines were soaked in alcohol of the following per cents: Ab- 
solute, 95 @ 75 %, 50 @, 30 2, 20 #@, 10 %, and distilled 
water, Tables 15 and 16 give the weights of the seeds in the 
different per cents of alcohol at intervals of twenty four 


hours, Tables 17, 18, and 19 give the per cent gain and the 


mean per cent gain for corn, peas and lupines respectively, 
Accompanying these tables are sets of curves, J and K repre- 
senting the average per cent gain in corn and peas respectfully 
Reeaise of the lack of uniformity in the lupines I have thought 
best to give curves IL and M, representing the mean per cent 
gain for experiments 1 and 2 and N represents the average per 
cent gain of these experiments, 

| The results show that corn, peas, and lupines may in- 
crease in weight when soaked in absolute alcohol and that in 
general, the lower the per cent of alcohol the greater the 
amount of gain in a given time, The variations from this gen- 
eral rule must find their explanation in the facts and con- 


clusions given in the paragraph concerning the lupines, which 


follows, 
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Amount and Rate of Absorption in Alcohols, 
Experiment No 1, 
; mee {S67 §¥5%. SOx “gee. 202. 
O hrs, 
oo) 6 TO|Ud1L 60 )060CUL 57 £56 - 2.57 1.06 
Peon. 1.61 1 64 1.62 1.68 1.63 i. 65 


Lupine ,76 72 70 7S yi) abd 


24 hrs, 
. [om 6|6UdL LTS0)hCUL G7 2.01 2,07 2,24 2,42 


| eee et 169 $190 #«=2.37 2,69 2,81 
Lupine ,77 73 me a 79 py th , 83 


48 hrs, 
| meets 1.70 213 2.19 * 2.32 256 


Peas, 1,605 473 2,00 2,40 2,68 2,80 
Lupine ,77 74 80 79 jes ,v9 


72 hrs, 
oeeee6| 62 6 740—CU TS 2,20 2.20 2,37 2,64 


Peas. 1,66 1,75 2,05 2,47 2.69 2.31 
Lupine tit _ 74 81 nD pe 1.00 


| 96 hrs, 
| Meets 1 74 %2.22 2.26 2.58 2.67 


. > e 
Peas, 1,68 £76 2,08 2,48 S00 . 28h 
Lupine a _ 74 82 ee Preis) LAT 


120 hrs, 
I Sey fa Gy ar Se 2,20 2.38 2.66 


Mons 168 -1.77 2,09 2,49 2,70 2,82 


Lupine ,77 94 82 _76 85 1.42 
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Experiment No.2, 


Ohrs, 
Corn, 


Peas, 
Lupine 
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Corn, 


Peas, 
Tupine 


48 hrs. 
Corn, 


Peas, 
Lupine 
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Corn, 


Peas, 
Lupine 
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corn, 


Peas, 


Lupine 
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Percentage Gain in Alcohols. Tod 


Corn. 24nr, 48hr., T2hr. J6nr. 120hr, 

Exp 1, Abs, ES T.9 2.3 2.9 3,5 
952. 4.4 6.3 Si 8.7 9% 

752, 2B 0 $5.7 40 1 41.4 42.0 

204, 65.5 45,1 45.4 Ca 48.3 

30%, 42,7 47.8 50,9 S16 51,6 

20%, ob 3S 42,0 20,0 ak 8 S12 

10%, 37.2 42.8 45.3 47 2 49 1 

H,O, 45.8 52.4 54.2 55.4 56.0 

Exp,2, Abs. 6 1.0 1.5 15 cee 
95%. 4.1 56 7.6 8.6 9.2 

7152. 24 5 31.5 35.4 35.6 35.7 

50%, ae. 2 41,3 45,9 49 0 51 -0 

30%, 36.5 45,7 50.2 50,2 50.2 

20%, 38 4 43 4 45.9 47 6 48.5 

102, 38 2 46.9 51 5 53.5 54,0 

H, O 34.0 40.6 45.1 46 .6 ch ae. 

Mean, Abs, 1,4 1,4 1 a) 2,2 2,9 
95%. 4.2 oe) m8 8.6 9.2 

| 752. 26 ,2 33,5 a7 38,5 388 
| 20%, 33,7 42.2 456 48.3 49 6 
| 30%, 39 6 46.7 50,5 50,9 5Q.9 
| 20%, 34.8 44 4 47.9 49 7 49 8 
10%, a7 9 44 8 48.4 50.3 51.5 
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Percentage Gain in Alcohols, | Table IP 55 

aoe pe. genre T2nr_ y6hr. 120hr. 
Abs. 15 is a3 Ae 1.3 
95K. rh oe acy 2.7 29 2.7 
156. | 10,0 1442 15,7 17,1 17.1 
50%, oO. fe) 0, fe) fe) 
30% 1.4 1.4 27 4 21.4 21.4 
20% 30.9 39 4 40 8 64 8 100.0 
10%, 26 8 42.8 16 7 77.1 13% 
H, 0 16 6 18 9 26.4 26 4 25.0 
Abs 0.0 0.0 0.0 0.0 0.0 
95% - 0,0 0.0 0.0 00 0.0 
15% 1.5 1.5 16 1.5 i% 
50%, 11,3 Sia tk S Las 11.3 
30% 0,0 0.0 | 0.0 0.0 0.0 
20% 0.0 0.0 0.0 15.4 23.0 
10% 22 2 33,8 42 8 41 2 41 2 
H,0 23.8 25.8 22.2 41 2 44.4 
Abs _6 6 6 6 6 
95%. 6 1,3: 1.4 14 1.4 
1352. 5 7 7.9 8.6 9 3 $3 
50% 5.6 5.6 2.6 5 6 2.6 
30% 7 T 8 10.7 10.7 
20% 15.5 19.7 20 4 40 1 61.5 
10% 24 5 38.1 59 7 ay 2 58.5 
H,O 20.2 23.8 24 3 53,8 34.7 
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Judging from the results of many experiments there are 


many seeds which show a more or less marked peculiarity in the 


rate of absorption, We have already considered the clover seed, 


we have noted a slight variation in corn and peas, and have 
considered briefly the sant bee more marked differences and 
peculiarities of the lupines, In this experiment the lupines 
show extremely peculiar properties with regard to absorption, 
By reference to table 19, it will be seen that in Exp,1 these 
seeds increased in weight when soaked in all solutions - except 
50 %: (even including the absolute alcohol,) In Exp,2, on the 


other hand seeds soaked one’ hundred twenty hours in 30 % al- 


cohol do not gain in weight, while those in 20 % fail to ab- 


sorb anything until between seventy two and ninety six hours, 
Another peculiar behavior of some seeds is shown in Exp,2, In 


the 50 % alcohol the seeds gained 11,3 grams during the first 


twenty four hours, and fail to increase thereafter, 


The results of this and former experiments indicate that 
the constitution of the seed coat of some seeds is of such a 


nature that it will not allow water to penetrate it readily, 


However, if water does find an entrance to the embryo, or en- 


dosperm,this swells rapidly and by so doing stretches the seed 
coat, The stretching of the seed coat produces a change in its 


structure which permits quite free admission of water, 
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Effect of Alcohols on Germination, 


In order to determine the effect of soaking corn, peas, 


and lupines in alcohols of various strengths the following per 


cents were used: Absolute, 95 %, 75 %, 50 %, 30 %, 20%, 10 %, 


x 
Me tr 


and distilled water, Into each of these grades of alcohol one 
hundred seeds of each kind were placed, Five seeds of each kind 
were taken from the respective alcohols after soaking for the 

7 . i 


time indicated in table 20, and Planted in a saw-dust germinator 
s . 
i 


The time was extended much longer than indicated in the table 


“put as no seeds germinated the table was not made to include 
’ 
_ that part of the experiment, 


mail ‘The table shows that some seeds soaked in absolute al- 


\- calf 
cohol will grow even after six or seven days soaking, More 


“atesnot than when soaked in water and other wise treated in 
ee 


- 95 > 4 and six per cent of corn soaked in 10 per cent alcohol 
ay. 

. 1 Sa ns : F Z 

’ — There are peceel Ores ones serminating im edt ai- 


“cools except 30 % and 20 The time for germination, after 
Lil 

ao 
er vet from alcohol is, on the average twenty four hours less 
i 


in case of the water soaked seeds than in case of absolute 


a 
o 
alcohol immersed seeds of the same kind, Peas retain their 


bd 


vitality much longer in absolute alcohol than in water 
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ty longer in water than in absolute alcohol; also better 
4 than in 95 % alcohol, This indicates that some seeds 


ess certain properties which enable them to successfully 


: her shows that seeds of the same kind possess individual 
erences , Some seeds of peas and lupines germinated after 


1g in 75 % and 50 % alcohol, while no corn germinated, 
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In the two sets of experiments, next to be given and dis- 
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the effects of soaking corn end peas in a complete 


es of YaCl solutions are given, The amount of gain in weish 
’ ; A 


ing the soaking process and the effect of ahsorption of 


e solutions on the time and per cent of germination will 


onsidered, The corn and peas used in the two following ex- 
ments were the same ss used in the preceeding two experi- 


These four experiments give results which may easily be 


er - 
_ It has been considered that salt solutions of certain 


ths produce an accelerating effect, while other solutions 
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ea retarding effect in the process of germination; still 
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solutions will be found on the following page, 
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The numbers given correspond to the strength of the 


One hundred cubic centimeters of distilled water were used 


Oak the corn, 
‘solution throughout the experiments, 


ith the given weights of YaCl in grams, 


First the number is 


iven; then the celculated weight of NaCl required; and third 


the weight as actually used, 
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Absorption in NaCI solutions, 


Corn and peas were weighed and placed in the entire 
ries of solutions at such times as would permit their being 


1 from the solution at the same time, It was desired to 


as previous experiments had indicated, thirty six and 
fourt been hours was the time selected, Twenty four and nine 


3 was the time of soaking for the other sets of corn ana 


pee as respectfully, 
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_ When the seeds were taken from the solutions they were 


» with the actual aia for that time, and the percent gain, 
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_ The maxima and minima in these experiments are given be- 
ohh ny - 
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) , Max, Min, 
Corn, 24 hours, 33% 10% 


Corn, , 36 hours, 39% 10% (1 except.) 
is. Q hours, 74% 26% 

Peas, 14 hours, 75% 26% 

oF om these results it is evident that less gain in weight 
"sin salt solutions and in alcoholic solutions than in 
led water, See tables 17 and 18. | 

While the amount absorbed, in general, decreases with the 
solutions there is a marked variation and irregularity 
“amount taken up, The two sets of curves, 0 and P, on 


ro following pases clearly represent the amount of ahsorp- 
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Germination of Corn soaked in NaCl solutions, 


The amount of absorption is discussed in the preceeding 

3 yeriment, The present isa eo eicien of ue an < of absorp- 
tion put Bure ieesek wi heas ia given to time and per cent of 
| The corn used for these experiments was the hard flinty 
“ used in experiment No,1, This corn gave a germination 
t of 97 %. After the corm of these experiments was soaked 


i devion cr part of the complete series, of salt solu- 


sowie fis 


Bi: weighing being ee the first seed coat was actually 
ured and the radicle pushing through, While the weights 
| not remain constant in the germinator it remained fairly 


0, A recora of the time of germination was kept as follows, 
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Some of a aere tables are incomplete, because of con- 
aitions we could not control, 

Soaking in salt solutions of whatever strength and for any 
length of time up to seventy two hours does on lower the per 
cent of germination although the stronger solutions do retard 
germination, 

Each table is followed by a corresponding set of curves, 

. The tables are placed together and the curves in another croup 
for convenience of comparison, 

A study of the tables and curves shows a very sudden in- 
crease in the mean time of germination ,. This sudden and marked 
retardation occurs nearer to the iacswamiectaiGe the soaking 
of the seeds as the time of soaking is lengthened, There is a 
general tendency dauae lengthening the mean time of germina- 
tion as the strength of the solution increases, but always with 

“peculiar variations, The amount of water taken up decreases as 
the strength of the solutions increases; the variation in the 
amount of water in the seeds accounts for the general length- 
ening of the mean time of germination, The sudden great in- 
crease in the mean time of germination I cannot understand, It 
may be due to some peculiar relation existing between the corn 
and a certain amount of NaCl absorbed with the water, Salt is 


actually found in all portions of the grains after soaking for 


twenty four hours in 20 % salt solutions as I proved by chem- 
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94 
ical test, When a certain amount enters a certain part, the 


germ, probably, germination is retarded, I offer this as a 


suggestion only, Much more work should be done along this line, 


Effect of Ammonium Alum on Corn, 
A hard white variety of corn, bred at the Agricultural Ex- 
periment Station for high and low protein and high and low oil 
was used in this experiment, An equal number of grains of each 


was placed in each of the following solutions of Ammonium Alum: 


1#,2%,3%, 44,54, 6%, 7 %, anad,8 %, The corn was allow- 


ed to soak in these solutions twenty hours, The tables here giv- 
en, represent the dry weight, weight after the soaking, gain 
and percent gain together with the average time of germination, 
In these experiments every grain germinated, 

The percentage of gain is not different from that when the 


corn is soaked for a like period in distilled water, The amount 


absorbed varies with the different chemical compositions of the 


same variety of corn but the strength of the solution has no 
effect in this regard, Thus more absorption takes place in the 


low protein than in the high and more in the high and low oil 


-than in the high and low protein, In general the more concen- 


trated the solution, within the limits of my experiments, the 
longer is the average time of germination: i,e, germination 


is retarded, 
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Effect of Ammonium Alum on Germination of Corn, 


High Protein, 


Solution Wt dry, 
a4 1,785 
2% 1,885 
33% 1.850 
4% 1,965 
my 4 1,895 
6% 1,725 
ave 1,860 
8% 1,810 


Low Protein, 


Solution Wt dry, 
ets 1.580 
22 1 616 
3% 1.735 
m5 4 1.499 
5% 1,850 
6% 1,605 
17% 1,690 
8% 1,840 


Wt,in 20hr, 


2,295 
2.495 
2.430 
2.560 
2.500 
2,305 
2.465 


2.375 


Wt,in 20hr, 


2.095 


Gain, 


% gain, 


% gain 
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Solution Wt.dry, Wt ,in 20hr, Gain Zgain Av.T.of g. 

a 1.875 2.480 605 32.5 2.4 

2 1.805 2.400  .595 33,0 3.0 
2.075 2.720 645 311 3.2 
1.885 2.350 465 24 3 3.0 
1,785 2,385 600 33.7 4.0 
Te a My 2 728 ie 4.8 
1,645 2.185 540 32.9 6.2 
1.775 2,370 585 33.0 4.2 


tion Wt dry, Wt,in 20hr, Gain, % gain, Av.T of g. 


1,985 2,670 665 33,5 3.2 
1,985 2,660 675 33.7 3.5 
2,036 . 2. ¥70 734 361 3,6 
2,025 2.730 705 34.7 3.8 
1,920 25620). 700 | | 36.4 4.0 
2,000 2,655 655 : 32.3 52 
1,995 2.780 785 391 4.0 


2,295 3,050 fe 5-2 
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Action of Coleus, 


On February 13,'02, I carried Coleus from the University 
greenhouse to the greenhouse of the Department of Botany, The 


plants had been grown where a day temperature of 66 degrees F, 


Was maintained, Although the temperature was 6 degrees F, below 


freezing, the plants experienced no change of temperature in the 


transfer, because of the double box in which they were carricd, 


The temperature was taken before and after the trip by the same 


thermometer, Most of the pots were placed on a greenhouse bench, 


Three were carefully taken from pots with dirt undisturbed and 


ted atmosphere 


placed in wide mouthed bottles filled with water, and, as the 
dirt soaked, it fell to the bottom of the bottle and left the 
roots free in the water, Twelve hours later they were greatly 
wilted, Two were placed under hell-jars, with constantly satura- 
| , tO prevent transpiration: the other on table in 
the greenhouse; wilting continued and leaves fell from lower 
part of stem, February 18, '02 still much wilted, A fresh plant 


was then taken and its roots, dirt, pot and all immersed in water 


to its lowest leaves: In thirty six hours the plant was much 


wilted so that the lower leaves fell off, The plant continued 


in this wilted condition, Another one was gradually (during three 


days) watered until finally immersed to first leaves, Wilted in 


24 hrs, after immersion; lower leaves fell; continued wilted, 
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Absorption of Water by Roots of Plants,. 


In work done ee this line it has always been necessary 
to use apparatus which had to be hermetically sealed, This is 
frequently inconvenient and for that reason something new was 
sought with which to secure results in a series of experiments 


On absorption of water, The following described piece of ap- 


| 
| 
| paratus was constructed and gave excellent satisfaction, Under 
conditions in which the neck of the bottle is small it is sen- 
. 


sitive to one tenth of a cubic centimeter, 


Description of Apparatus, 


The glass tube A Plate 1 is about forty centimeters long 


| and has a diameter of thirteen and one half millimeters, The 
lower end of this tube is closed by a tight fitting cork into 


Which the S$ shaped, six millimeter glass tube extends, This $ 


tube ends flush with the inner end of the cork, The longer 


end of the tube S$ passes through a cork C and extends some dis- 
tance below the other end of the S, The large cork through 


. Which the crooked tube passes has a portion cut away so as to 


leave the opening O for the plant when the stopper is in po- 


sition, The upper end of the tube A is also closed with a cork 


. 
through which a glass tube of six millimeters diameter extends. 
This glass tube T has its lower end about one centimeter above 
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the cork in tig Léhér end of the tube A, and its upper end is 
drawn into a capillary tube to regulate the rate of inflow of 
air as water passes from the tube A, into bottle B, as the 

plant roots absorb the water from the bottle, It is necessary 


to have the bottle B, and tubes S and A filled with water at 


the beginning of the experiment, and then, with a pipette, 
draw off water from the bottle until a bubble of air passes 
from tube T into tube A, Now, as the plant takes up water by 
means of its roots and the surface of the water in B sinks 


| below a level with the lower end of T, water will flow from A 


into B through $ and air will pass through the capillary end 


| of T and rise from the lower end of T in Single bubbles and 
| at resular intervals - fer ase Wetwean bubbles depending alone 
on the rapidity of absorption of water by the roots of the 
Plant, The tube A has a scale, graduated to half cubic centi- 
meters etched on its surface by means of which readings can 
be made, 

By means of this piece of apparatus the same constant 
| level of water is maintained in the vessel containing the 


plants, The evaporation from the surface of the water through 


the opening O is reduced to a minimum by stopping the opening 
around the stem of the plant with cotton, 
It was intended that considerable work would be done with 


the use of this apparatus on the absorption of water by the 
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s of Coleus, but, as stated before, these plants would 
f continue vigorous when transferred from soil to water, 
Consequently only the following two experiments - one with corn 


one with a rooted cutting of Coleus - were conducted, The 


es and curves are here given but for lack of comparative 
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Experiment to determine Rate of 
Absorption of Water by roots of corn, 
February 12,'02 four growing stalks of corn accustomed to 


growing in water were placed in apparatus shown on the preceed- 


ing page, 
Temperature , Time, Amt, Abs'd, 
23 C, 24 hrs, 9.3 cc, 
21 C, 24 hrs, 9,8 cc, 
4C, 24 hrs, 5,4 ce, 
15 C, 24 hrs, 9.5 cc, 
21 C, 24 hrs, 9.1 ec. 


Plants apparently dying during last hours, After several 
days the plants revived somewhat and lived for more than a 
month, 

On 6th, and 7th, of March,'02 the amount of absorption in 


24 hours was agein up to 7,1 cc, 
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Rate of Absorption of Water 


by Roots of Coleus, 
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The plant was a cutting rooted in water and had eight well 


developed leaves, 


March 


March 


March 


March 


March 


March 


March 


March 


March 


March 


Varch 


March 


March 


March 


March 


March 


March 


15 


16 


oy 


18 


18 


19 


20 


20 


20 


23 


24 


cc, cc,per hr, from read,to read, 


3:45 PLM, 8.5 
8:45 AM, 10.5 
5:00 P.M, 14.0 
8:15 A.M, 15,1 
1:40 P.M, 15.8 
11:20 A.M, 17.0 
8:40 A.M, 17.8 
9:00 A.M, 0,0 
6:00 P.M, 8.6 
8:30 A.M, 12,2 
5:30 Poy. 15.3 
7:30 A.M, 16.9 
11:00 A.M, 17.2 
5:00 P.M, 22.6 
7:00 A.M, 30,4 
6:00 P.M, 36.0 
9:00 A.M, 43,9 


Temperature 23 - 26 C, 


0,0 
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